ABSTRACT
INTRODUCTION
Idiopathic nephrotic syndrome (INS) is the most common glomerular disorder of childhood, with 1 to 2 new cases per 100,000 children per year. INS is characterized by the presence of proteinuria, which is associated with hypoalbuminemia and hyperlipidemia. Some patients with INS do not respond to glucocorticoids, i.e., they are steroid resistant (SR). Most of the children with INS are steroid sensitive (SS), i.e., they achieve remission following steroid treatment. However, some of the children with steroid sensitive nephrotic syndrome (SSNS) will undergo relapse once or more. About 50% of the relapsers are either frequent relapsers or develop steroid dependence. [1] The mechanisms underlying these different responses to steroids are not very well understood; however, there may be certain genetic factors involved for these differential drug responses.
Histology of childhood INS is most commonly represented by minimal-change nephrotic syndrome (MCNS) followed by focal segmental glomerulosclerosis (FSGS) and rarely by membrano-proliferative glomerulonephritis (MPGN) and membranous glomerulonephritis (MGN). Children with FSGS, MPGN, and MGN usually have a poorer response to glucocorticoids. [1] Idiopathic nephrotic syndrome was proposed to be a disorder of T-cell dysfunction. [2] The mechanisms by which T-cells affect the course of the disease remain elusive. However, there may be circulating factors released from activated T-cells which may affect the pathogenesis of the disease. Th1 cells produce IL-2, IFN-γ, and tumor necrosis factor-beta (TNF-β); and promote both macrophage activation resulting into DTH, and production of complement-Þ xing and opsonizing antibodies. Th2 cells, which synthesize IL-4, IL-5, IL-6, IL-10, and IL-13, provide optimal help for antibody production; and promote both mast cell growth and eosinophil differentiation and activation, resulting in humoral responses. [2, 3] INS is considered to be an immune-mediated disease; [4] however, the contribution of Th1 and Th2 cytokines is a matter of debate. Several cytokines are considered prime candidates for the role of mediators of INS. [5] However, such data is missing in the literature from the Indian subcontinent.
The present study was conducted to investigate the possible association between IL-4, IL-6, and TNF-α gene polymorphisms and their effect on steroid responses in 150 children with idiopathic nephrotic syndrome. We have also tried to see the synergistic effects of various cytokine SNP polymorphisms; especially the constellation of TNF-α and IL-6 genetic variants might predispose some INS patients to differential response to inß ammation, and also to the steroids.
MATERIALS AND METHODS

Patients
A prospective analysis was done in 150 children (male=106, female=44) with idiopathic nephrotic syndrome. Their mean age at diagnosis was 4.8 ± 3.4 years (range, 1-18 years), They presented to the OPD at our hospital from January 2005 to January 2008. All patients were diagnosed according to the International Study of Kidney Disease in Children (ISKDC) criteria as deÞ ned in our earlier study, [6] and all of them had developed nephrotic syndrome before the age of 18 years. Patients with poor compliance and not on regular follow-up were excluded from the study. Patients were categorized according to their clinical response to glucocorticoids into (a) steroid-resistant (SR, no achievement of remission despite treatment with prednisolone at 60 mg/m 2 /d for 6-8 weeks) patients; (b) steroid-dependent (SD, 2 consecutive relapses occurring during steroid treatment or within 2 weeks of steroid withdrawal) patients; (c) frequent relapsers (FR, 4 or more relapses within a 12-month period in a steroid responder); and (d) infrequent relapsers (IFR, all others). The steroid-responsive group was compared with the steroid-resistant group in terms of genotypes and allele frequencies of IL-4, IL-6, and TNF-α.
All children were subjected to detailed historytaking and physical examination. In addition, following biochemical tests were done to conÞ rm the diagnosis of nephrotic syndrome: serum creatinine, total protein, albumin, cholesterol, triglycerides, urinary routine microscopy examination, urine protein and creatinine ratio in a spot sample Based upon the difference in steroid responsiveness, renal biopsies were carried out in most of the steroid-resistant cases and some of the cases of SD and FR as per availability of consent. The characteristics of INS patients included in the present study are shown in Table 1 . An informed written consent was obtained from all participants. The study was approved by the ethical committee of SGPGIMS and Department of Biotechnology, Government of India.
Blood collection and DNA extraction
Blood samples were obtained to measure serum biochemical parameters and lipid proÞ les in the morning after fasting of 8 hours. Three milliliters of venous blood sample was collected in EDTA vials. Genomic DNA was extracted from the whole blood using a commercially available genomic DNA puriÞ cation kit (Qiagen kit). samples were re-genotyped blindly and results were noted only for those samples which were reproducible with no discrepancy. Genotyping of 20% of the samples was conÞ rmed by DNA sequencing.
Statistical analysis
Sample size for INS children was calculated by a statistician of our institute. Statistical analyses for the genotypic and allelic frequencies were performed using chi-square test (Graphpad Software version 2.0). To evaluate the synergistic effects of IL-4, IL-6, and TNF-α gene polymorphisms, we did the logistic regression analysis by using SPSS software (version 15). Allele frequency was calculated as the number of occurrences of the test allele in the population divided by the total number of alleles. The carriage rate was calculated as the number of individuals carrying at least one copy of the test allele divided by the total number of individuals. P values less than 0.05 were considered statistically signiÞ cant. Odds ratios (OR) and 95% conÞ dence intervals (CI)
were calculated. Yates correction was applied wherever required.
RESULTS
Allele and genotypes frequencies of IL-6, IL-4 and TNF-α were compared between the SS and SR groups. Table 4 ].
An attempt was made to correlate the allele frequency of INS with onset of the disease. We divided the patient population into 2 age groups: ≤5 years and >5 years. No signiÞ cant difference was found between the 2 groups when age of onset and co-occurrence of the various genes and their genotypes were studied [ Table 5 ].
DISCUSSION
In There are reports showing cytokine genes polymorphism to be associated with the development and severity of inflammatory diseases. [7] [8] [9] Minimal-change nephrotic syndrome (MCNS) in children is frequently associated with allergy and immunoglobulin E production. T helper subtype 2 cytokines, such as interleukin-4 (IL-4), may have an important role in the development of atopy. Some of the studies suggest that genetic variations in IL-4 may be associated with predisposition to MCNS, and partially to the clinical course of MCNS. [10] [11] [12] IL-4 production by peripheral Th cells is up-regulated in patients with MCNS and correlated with the severity of proteinuria. [13] Our results demonstrated that IL-4 -C590T SNP inß uences the prognosis of the disease. We have found that TT genotype was higher in the steroid-resistant group (P = 0.0386) as compared to SR.
IL-6 and its genetic variants have been studied in various disorders which involve susceptibility to recurrent infections; thrombophilia; and immunological alterations, such as celiac disease, breast cancer, systemic lupus erythromatosus, and leishmaniasis. [14] [15] [16] [17] Though the roles of IL-6 and IL-6 -G174C are not well studied in nephrotic syndrome, their role have been found in mesangial proliferative glomerulonephritis and end-stage renal disease. [18] Our study revealed that GG genotype of IL-6 -G174C is more prevalent in the steroid-resistant group, thus pointing towards a poorer prognosis in children with nephrotic syndrome.
Tumor necrosis factor alpha (TNF-α) is a potent immunomodulator and pro-inß ammatory cytokine and has been implicated in many pathological processes. Polymorphism at position -308 of the TNF-α promoter, representing G to A base transitions, has been linked to increased TNF transcription. [19, 20] Earlier studies have shown increase of TNF-α synthesis and gene expression in patients with idiopathic nephrotic syndrome and focal glomerular sclerosis. [21, 22] Since TNF-α activates NF-κB and angiotensinogen [23, 24] hence steroid induced immuno-suppression is critically dependent upon inhibition of NF-κB Elevation of TNF-α has been found in the plasma and urine of patients with INS. [25] We studied the genotype of TNF-α G308A in patients with nephrotic syndrome and its relation with steroid responsiveness. AA genotype of TNF-α genotype was found to be signiÞ cantly higher in the steroid-resistant group, along with a higher 'A' allele frequency (20.0%). The transcriptional and post-transcriptional alterations of NFkappaB/I-kappaBalpha in nephrotic syndrome [26] can be a potential pathway for TNF-α action in determining steroid responsiveness; however, this needs further evaluation for determining the proper therapeutic approach in children with nephrotic syndrome.
CONCLUSION
We may state that the studied polymorphism might affect steroid response in INS patients. 
